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(54) Positive electrode active material for alkaline storage battery 



(57) As a positive electrode active material, used is 
a p-Ni(OH)2 type nickel oxide (including hydroxide) con- 
taining Mn in the state of solid solution or coprecipitated 
state with an average valence of Mn being 3.3 valences 
or more and preferably with a ratio A2/A1 being 1 .25 or 



less which is a ratio of iritegrated intensity A2 of a peak 
present at 20 =18-21* to integrated intensity Al of a 
peak present at 28 =37-40*» of powder X-ray diffraction 
using CuKa ray 
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Description 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention s 

[0001] The present invention relates to improvement 
of alkaline storage batteries which use nickel hydroxide 
for positive electrode. 

10 

2. Description of the Related Art 

[0002] Alkaline storage batteries widely used for elec- 
tric sources of various portable apparatuses Include 
nickel-cadmium storage batteries, nickel-metal hydride is 
storage batteries and the like. 

[0003] Hitherto, many inventions and proposals have 
been made on nickel hydroxide which is commonly used 
for positive electrode of these alkaline storage batteries 
and plays an important role, and improvements have 20 
been made from various view points (for example. 
Improvement of high-temperature charge efficiency, 
improvement of utilization factor and prolongation of 
cycle life). Specifically, mention may be made of addi- 
tion of conductive agent powder (especially. Co, Co 25 
conpounds. Ni. carbon and the like) for effective utiliza- 
tion of charge-discharge characteristics of nickel 
hydroxide powder and design of substrates for current 
collection. Furthermore, various proposals have been 
made on improvement of nickel hydroxide per se. 30 
[0004] With regard to the improvement of nickel 
hydroxide per se, as a relatively old proposal. Mg, Mn, 
Zn. Pb, Ba. Fe. rare earth elements are dissolved in 
nickel hydroxide to form a solid solution as reported in 
"Power Source" (1966). pp239-255. However, no 35 
advantage as a positive electrode active material for 
alkaline storage batteries is mentioned there on the dis- 
solution of Mn as solid solution. JP-A-51- 122737 pro- 
poses a process of precipitating a hydroxide by reacting 
a mixed aqueous solution of nickel and a salt of metal 40 
other than nickel with an aqueous alkaline solution as a 
measure to simplify the steps and reduce the production 
cost As relatively new proposals. JP-A-61-101958 pro- 
poses dissolution of Co as solid solution and JP-A-61- 
104565 proposes dissolution of Cd as solid solution for 45 
the improvement of utilization factor of active materials 
in high-temperature atnnosphere. Moreover. JP-A-4- 
179056 proposes to dissol>7e Mn^ irT nid^el 

hydroxide to form a solid solution as a method for 
inrproving cycle life characteristics. In this method, so 
charge-discharge reaction of active material is basically 
a one-electron reaction l>etween p-Ni(OH)2 and p- 
Ni(X)H. Therefore, these techniques do not directly 
contribute to the improvement of capacity density of bat- 
teries. In addition. JP-A-8-222215 and JP-A-8-222216 55 
make proposals on nickel hydroxide in which divalent or 
trivalent Mn is dissolved to form a solid solution. How- 
ever, these proposals cannot still provide a utilization 



factor of active materials which is far higher than 110% 
(1.1 in terms of the number of elecfa-ons participating in 
reaction for Ni). 

[0005] On the other hand, JP-A-8-225328 proposes to 
dissolve trivalent Mn in nickel hydroxide to form solid 
solution, thereby making it possible to perform charging 
and discharging of more than one-electron reaction. 
U.S. Patent No.5348822 also proposes a technique to 
make it possible to perform charging and discharging of 
more than one-electron reaction. According to these 
proposals, charging and discharging of more than one- 
electron reaction become possible by stabilizing the 
reaction between a-Ni(OH)2 and y-NiOOH. The a- 
Ni(OH)2 used there is very low in its density, and 
improvement of capacity density (capacity per unit vol- 
ume) of electrode is very difficult Thus, these proposals 
are considered to be low in practical value. 
[0006] In the above conventional nickel hydroxide 
(positive electrode active material for alkaline storage 
batteries), there is yet room for improvement on capac- 
ity density, utilization factor and others. That is, in con- 
ventional active materials, the number of electrons 
participating in reaction for nickel is basically 1 to 1.1, 
and even those which perform the charging and dis- 
charging reaction exceeding the above number of elec- 
trons cannot be improved in capacity density (capacity 
per unit volume) because of low density of active mate- 
rials per se. Thus, conventional active materials have 
not sufficientiy corrtributed to increase of capacity of 
batteries, which is always demanded by the market for 
using them as electric sources of portable apparatuses. 

SUMMARY OF THE INVENTION 

[0007] The present invention has been accomplished 
as a result of research and investigation for active mate- 
rials of good characteristics in an attenpt to solve the 
above problems in positive electrode active materials for 
alkaline storage batteries, and the object of tiie present 
invention is to provide a positive electrode active mate- 
rial for alkaline storage batteries which is high In capac- 
ity density by increasing the number of electrons 
participating in reaction for nickel hydroxide. 
[0008] A p-Ni(OH)2 type nickel oxide (including 
hydroxide) containing Mn in the state of soiki solution or 
coprecipitated state, and an average valence of Mn 
being 3.3 valences or more, is used as the positive elec- 
tive active material of aikaliiTe "storage'^^e^ Mn 
content is preferably 1 -12% in atomic ratio based on the 
total of metallic elements, and the average valence of 
Mn is preferably 3.5-4.0 valences. 
[0009] Detail of the mechanism is not clear, but it is 
considered that when nickel hydroxide of positive elec- 
trode contains Mn in the state of solid solution or copre- 
cipitated state with the average valence of Mn toeing 3.3 
valences or more, preferably with Mn content being 1 - 
12% in atomic ratio based on the total metal elements, 
conductivity of active material and proton diffusion rate 
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increase and nickel in nickel hydroxide is oxidized (i.e., 
charged) to a high oxidation state (y-NiOOH) exceeding 
3 valences, and the active material can be further easily 
discharged 

5 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0010] 

FIG 1 IS a powder X-ray diffraction chart showing w 
the structure of active material A in Exanple ol the 
present trvention. 

FIG 2 shows discharge curves showing discharge 
capacity c< battery A in Example of the present 
invention and conventionai tjattery B. is 
FIG. 3 IS a graph showing relation between the Mn 
content m the active material prepared in the same 
manner as for battery A m Example of the present 
inventon and the rxmntxt d electrons participating 
in reaction m a &ea>od battery 20 
FIG 4 IS a grap^ Ux)wtng relatKX) between the 
average vaie^^e o* Ma of tr>e actve material pre- 
p>ared in the sam^ rw>r>^ as k> battery A in Exam- 
ple of the p^esrf^nt rv«knt»on and ttie number of 
electrons partiooatr^ w\ reaction m a sealed bat- 25 
tery 

FIG. 5 shows (^sc^arge curves showvig discharge 
capacity of aaive materials A and C m Example. 
FIG 6 is a graph which shows relation between the 
ratio A2/A1 of nte^ated vttensity A2 of a peak 30 
present at 2(» - 1 8-2 r to tfitegrated intensity A1 of a 
peak present at 2i» -3 7-40** of powder X-ray diffrac- 
tion usng CuKu ra> lot the active material prepared 
in the same manner as lor battery A according to 
the Example of the preserrt invention and the 35 
ntffnt>er ol elections n f eacton in a sealed battery. 

DESCRIPTION OF THE PREFERRED EMBODIMENT 

[001 1 1 The embocimerus ol the presem invention will 40 
be explained t>ek>w 

[0012] The iusx emtiodiment ol the present invention 
is a p-Ni(OH)2 type r^cKe* oxt^e (including hydroxide) 
containing Mn tn the state of sdid solution or coprecipi- 
tated state, the average vaierce of Mn being 3.3 45 
valences or more By usmg such active material, the 
number of electrons partic^ting n reaction of Ni ts 
improved and an alkaline storage battery of high capac- 
ity density can be provK)ed 

[001 3] The second entxxltment of the present inven- so 
Won is a p-Ni(OH)2 type nicKel oxide (including hydrox- 
ide) containing Mn in tt^e state of solid solution or 
coprecipitated state, the average valence of Mn being 
3.3 valences or more, and the ratio A2/A1 being 1 .25 or 
less which is a ratio of integrated intensity A2 of a peak ss 
present at 20 =18-21** to integrated intensity A1 of a 
peak present at 20 =37-40" of powder X-ray diffraction 
using CuKa ray. By using such active material, the 



number of electrons participating in reaction of Ni is 
improved and an alkaline storage battery of high capac- 
ity density can be provided. 

[001 4] The third embodiment of the present invention 
is a p-Ni(0H)2 type nickel oxide (including hydroxide) 
containing Mn in the state of solid solution or coprecipi- 
tated state, the average valence of Mn being 3.3 
valences or more, and a p-Ni(OH)2 type nickel oxide 
(including hydroxide) containing Mn in the state of solid 
solution or coprecipitated state, the average valence of 
Mn being 3.3 valences or more, and the ratio A2/A1 
being 1 .25 or less which is a ratio of integrated intensity 
A2 of a peak present at 29 =18-21° to integrated inten- 
sity A1 of a peak present at 20 =37-40'* of powder X-ray 
diffraction using CuKa ray, wherein amount of Mn con- 
tained in the state of solid solution or coprecipitated 
state is 1-12% in atomic ratio based on the total of 
metallic elements. By using such active material, the 
number of electrons participating in reaction of Ni in the 
active material is 1.1 or more. 

[0015] The fourth embodiment of the present inven- 
tion is the active material wherein the average valence 
of Mn is 3.5-4.0, whereby the number of electrons par- 
ticipating in reaction of Ni in the active material 
t>ecomes 1 .2 or more. 

[0016] The fifth embodiment of the present invention 
is the active material which is powder having a shape of 
sphere or a shape similar to sphere. By using such 
active material, contact state between particles is 
improved and the particles are uniformly packed, result- 
ing in uniform distribution of electrolyte and thus the 
electrochemical reaction proceeds satisfactorily. 
[0017] The sixth embodiment of the present invention 
is the battery using the active material as described 
aix)ve. 

[0018] In the following examples, explanation is made 
of nickel -metal hydride storage battery using a hydro- 
gen-storing alloy as a negative electrode. The conposi- 
tion of the hydrogen-storing alloy of the negative 
electrode is not limited, and any of AB5 alloys, AB2 
alloys and other hydrogen-storing materials may be 
used. Moreover, the negative electrode is not limited to 
fiydrogen-storing materials, and Cd negative electrode 
and Zn negative electrode may also be used. Of course, 
the batteries are net necessarily small-sized cylindrical 
batteries, but may be rectangular or large-sized t>atter- 
ies. 

[001 9] In the following examples, explanation is made 
of using foamed nickel as a plaque of positive electrode, 
txjt the plaque is not necessarily a foamed nickel, but 
may be a three-dimensional porous body such as nickel 
felt, a punched metal or the like. Additives, binders and 
conductive agents are also not necessarily those used 
in the examples and other materials may be success- 
fully used. 

[0020] The present invention will be explained in more 
detail by the following examples. 
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Example 1 

[0021] First, preparation of active material will be 
explained. A mixed aqueous solution (solution A) of 
nickel sulfate, manganese sulfate and hydrogen perox- s 
ide at a molar ratio of Ni:Mn:H202=9:1 :5 was prepared. 
An aqueous sodium hydroxide solution of 5.52 mol/l 
(solution B) and an aqueous ammonia solution (solution 
C) of 4.8 mol/l were prepared, respectively. Solutions A, 
B and C were continuously fed to a reaction vessel filled io 
with distilled water and kept at about 50**a The feeding 
rate of the solutions was controlled so that pH in the 
reaction vessel was stabilized at 11-13. and stirring was 
carried out to mix the fed solutions uniformly. A magma 
GirGulation type reaction vessel was employed as the is 
reaction vessel in order that the aqueous solutions of 
metal salts and the aqueous alkaline solution were con- 
tinuously acted to each other and the resulting precipi- 
tate was continuously classified. The resulting 
precipitate was washed with water and vacuum dried to 20 
obtain a positive electrode active material. This positive 
electrode active material was nearly spherical. This 
active material is called the present active material A. It 
was corrlirmed by ICP emission spectrochemical analy- 
sis that the resulting active material (uncharged state) 25 
had Ni:Mn=9;1 (atomic ratio). 

[0022] Furthermore, according to powder X-ray dif- 
fraction using CuKa ray. it is assumed that Mn was dis- 
solved in nickel hydroxide in the state of solid solution 
since the active material showed p-Ni(OH)2 type struc- so 
ture. no diffraction pattern attributable to impurities was 
otDserved and the diffraction pattern somewhat shifted 
to the great angle side than nickel hydroxide containing 
no Mn as shown in FIG. 1 . The ratio A2/A1 of integrated 
intensity A2 of a peak (atlrilxjted to plane 001 of p- 35 
Ni(OH)2) present at 20 =18-21** to integrated intensity 
Al of a peak (attributed to plane 101 of p-Ni(OH)2) 
present at 20 =37-40" was about 1 . 
[0023] The valence of Mn in the resulting active mate- 
rial was measured by iodometry to obtain an average 40 
valence of 3.8. 

[0024] Then, batteries were produced using this active 
material. First, this active material, cobalt hydroxide and 
yttrium oxide were mixed at a weight ratio of 100:1 1 :2. 
Water was added to the mixture and this was kneaded. 45 
Then, a known foamed nickel plaque was filled with the 
kneaded product, dried and rolled. This was cut to 39 
mm wide^hd 80 rhm long ar^f itted currenl col- 

lecting lead to obtain a positive electrode. This positive 
electrode, a hydrogen-storing alloy negative electrode so 
comprising an Ni plated punched metal plaque coated 
with a hydrogen-storing alloy powder having a composi- 
tion of MmNis 55Coo.75Mno.4Alo.3 together witii car- 
boxymethylcellulose. SBR. etc. as binders, and a 
polypropylene nonwoven fabric separator rendered ss 
hydrophilic were combined and rolled, and put in a con- 
tainer of AA size. In this container was poured 2.2 cc of 
an aqueous potassium hydroxide solution of 10 mol/l 



saturated with lithium hydroxide as an electrolyte, and 
the container was sealed to obtain the present battery A 
according to the present invention. 
[0025] Moreover, a battery produced using a conven- 
tional active material was produced for comparison of 
characteristics of batteries. That is, a conventional bat- 
tery B was produced in the same manner as above, 
except tiiat thepositive electrode active material did not 
contain Mn. but contained Co and Zn in the state of solid 
solution and was almost spherical (called conventional 
active material B). 

[0026] Amount of Ni in Ihe positive electrode positive 
materials A and B used in these batteries was 2.6 g in 
terms of metal for 1 cell. 

[0027] Batteries A and B were evaluated by charge 
and discharge test. They were charged at 1 50 mA for 15 
hours and discharged at 300 mA until the cut-off voltage 
of discharge of 1 .0 V at an atmospheric tenperature of 
20°C. The results are shown in FIG. 2. Battery B pro- 
duced using converitional active material B had a dis- 
charge capacity of 1 1 80 mAh while battery A produced 
using the present active material A had a great dis- 
charge capacity of 1540 mAh. When the resulting 
capacity was shown in terms of the number of electrons 
participatir^ in reaction of Ni, it was about 1 .3 electrons 
for battery A and about 1 .0 elecb^on for battery B. Batter- 
ies A and B in charged state were disassembled, and 
when the positive electrode plate was analyzed by pow- 
der X-ray diffraction method, diffraction pattern attribut- 
able to y-NiOOH type sti*ucture was not observed for tiie 
conventional battery B wtiile diffraction pattern attributa- 
ble to y-NiOOH type structure was very strongly 
ot)served for the present battery A. From the results, it 
was concluded that when the present active material A 
was used, since Ni was easily oxidized up to a high 
valence and this was discharged, the discharge capac- 
ity was enhanced. 

Example 2 

[0028] Next, the optimum value of the amount of Mn 
dissolved in the state of solid solution was examined. 
Similarly, evaluation was conducted on batteries having 
active materials prepared in the same manner as of the 
active material A with changing content of Mn within the 
range of from 0% to 16% in atomic ratio based on the 
total of metallic elem ents. The a ctive material of 10% in 
Mn rantent co^ to the active material A of 

Example 1 . The results are shown in FIG. 3. When the 
Mn content was 1% or more, the average number of 
electrons in reaction was 1.1 or more. When the Mn 
content exceeded 1 2%. the number of electrons in reac- 
tion further increased. t)ut the electrode swelled and tiie 
practical value deteriorated. It is considered that this is 
because y-NiOOH type structure was furtiier stabilized 
due to the increase of the amount of Mn dissolved in the 
state of solid solution. FrcMn tiie above results, amount 
of Mn dissolved in the state of solid solution is preferattly 
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1-12%. 

[0029] Next, investigation was conducted on the aver- 
age valence of Mn. Similarly, evaluation was conducted 
on batteries having active materials prepared in the 
same manner as of the active material A with changing s 
the average valence of Mn by changing amount of 
hydrogen peroxide in solution A. The results are shown 
in FIG- 4. Good results of the number of electrons in 
reaction of 1 .1 or more were obtained when the valence 
of Mn is 3-3 or more. Moreover, the good results of the io 
number of electrons participating in reaction of 1 .2 or 
more were obtained in the range of valence of Mn of 
3.5-4,0 valences. 

Example 3 75 

[0030] Next, shape of the active material powder was 

examined. 

[0031] First, preparation of active material will be 
explained. One liter of the solution A of Example 1 was 20 
taken in a beaker, and one liter of the solution B of 
Example 1 and one liter of the solution C of Example 1 
were added dropwise to the solution A in the beaker 
kept at SO'^C with stirring. The resulting precipitate was 
washed with water and vacuum dried to obtain an active ss 
material. This was observed by an electron microscope 
to find that the active material was an agglomerate of 
fine particles, and the particles individually differed in 
their shape and were not spherical. This active material 
is called the present active material C. 30 
[0032] Next, the present active material C was com- 
pared with the active material A of Example 1 . The com- 
parison was made by evaluating sealed batteries in the 
same manner as in Example 1 . The results are shown in 
FIG. 5. Both the present active materials A and C gave 35 
good results in the evaluation on sealed batteries, but 
the present active material A showed somewhat greater 
capacity than the present active material C. The reason 
is not clear, but it is assumed that since the active mate- 
rial A connprised spherical partrcles. the particles satis- 40 
factorily contacted with each other at the time of packirig 
of the particles in the foamed nickel plaque and besides 
the particles were uniformly packed, and. as a result, 
the electrolyte was uniformly distrbuted and electro- 
chemical reaction satisfactorily proceeded. Further- 45 
more, when bulk density was measured, the bulk 
density of active material C was smaller about 20% than 
active material A. TTiis shows that the active material A 
is more advantageous in packing of active material in a 
limited volume. From the above results, it can be seen 50 
that in order to sufficiently exhibit the performance of 
active materials of the present invention, in the case of 
the active material being a powder, the particles prefer- 
ably have spherical or similar shapa 

55 

Example 4 

[0033] Results of investigation on the structure of 



active material are shown here. An active material was 
prepared in the same manner as in Example 1, except 
that in place of the solution A. was used a mixed aque- 
ous solution (solution AA) of nickel sulfate, manganese 
sulfate, hydrogen peroxide and phosphoric acid at a 
molar ratio of Ni:Mn:H202:H3P04=9:1:5:1. The result- 
ing active material showed a structure similar to a- 
Ni(OH)2 type in measurement by powder X-ray diffrac- 
tion method and had a very low bulk density of about 
50% of that of the active material A. This shows that the 
active material prepared by the above method (active 
material having a structure similar to u-Ni(OH)2 type) is 
very disadvantageous in packing of it in a limited vol- 
ume. It is considered that this is because the true den- 
sity of the active material having a structure similar to a- 
Ni(OH)2 type is lower than that of the active material 
having p-Ni(OH)2 type structure. From the above 
results, it is clear thatp-Ni(OH)2 type is preferred as the 
structure of active materials. 

Example 5 

[0034] The ratio A2/A1 of integrated intensity A2 of a 
peak (attributable to plane 001 of p-Ni(OH)2) present at 
20 =1 8-21 ° to integrated intensity A1 of a peak (attribut- 
able to plane 101 of p-Ni(OH)2) present at 20 =37-40** of 
active materials in X-ray diffraction using CuKa ray will 
be explained here. 

[0035] An active material was prepared in the same 
manner as in preparation of active material A. except 
that the temperature was changed to the range of 20- 
SO^^C. The resulting positive electrode active material 
comprised almost spherical particles. It was confirmed 
that the resulting active material had Ni:Mn=9:1 (atomic 
ratio) according to ICR emission spectrochemical anal- 
ysis. Furthermore, from the results that the active mate- 
rial had a p-Ni(0H)2) type structure according to the X- 
ray diffraction using CuKa ray and no diffraction pattern 
attributable to impurities was observed, and the diffrac- 
tion pattern shifted to somewhat great angle side than 
that of nickel hydroxide containing no Mn. it was 
assumed that Mn was dissolved in nickel hydroxide to 
form a solid solution. 

[0036] The ratio A2/A1 of integrated intensity A2 of a 
peak present at 20 =18-21*» to integrated intensity A1 of 
a peak present at 2e =37-40* changed within the range 
of 0.9-1.3. When valence of Mn in the resulting active 
material was measured by iodometry method, the aver- 
age valence was all in the range of 3.7-3.8. The result- 
ing active material was evaluated in the same manner 
as in Example 1 . 

[0037] FIG. 6 shows relation between A2/A1 and the 
nunlber of electrons in reaction of Ni. When A2/A1 was 
greater than 1.25. the number of electrons participating 
in reaction was smaller than 1 .3 while when A2/A1 was 
1.25 or smaller, the nurrtoer of electrons participating in 
reaction was g^erally 1.3-1.32. Thus, it has become 
dear that good active materials can be obtained by con- 
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trolling the value of A2/A1 to 1.25 or smaller. 
[0038] \n the above examples, the metallic elements 
contained in active materials were only Ni and Mn. but 
generally good results were obtained when the active 
materials contained additive elements such as Co, Zn. 5 
Y. Ca and the like or impurity elements such as A1 , rare 
earth elements, Cu. Zr. V, Cr, Mg, Ti and the like. Fur- 
thermore, in the examples, nickel-metal hydrude batter- 
ies were rrenutactured as experimental samples, but 
the active materials of the present invention can also be io 
applied to nickel-cadmium storage batteries, nickel-zinc 
storage batteries and others to obtain superior results. 
This is because the present invention concerns with 
active materials of nickel electrodes which are used for 
these alkaline sloiage t>aneiies in common. It is a mat- is 
Xei oi course ii»ai iri appiicaiion of the present invention 
to nickel-metal hydride storage batteries, good results 
were also obtained by using other materials than the 
hydrogen-storing alk>ys and separators used in the 
above examples Afthoug^ the pf ecent nvention relates 20 
to an active material. a« lor ih« substrates supporting 
the active material, th^re is no necessity to use a 
foamed nickel substrate, and good results can be 
obtained using a positrv^ ei4<irQde made by holding a 
sintered substrate in a r «sr»cton vessel and precipitating 25 
the active material on the smtered substrate, a positive 
electrode made by dc>p>no a sintered substrate in a 
metal salt solution and tt>en dipping it in an alkaline 
solution to prec^ate tne actrve material on the sub- 
strate, or a positive e«ec^ode made by coating the 30 
active material onath plated periorated sut)strate. 
[0039] As explained abo/e. accordng to the present 
invention, a positive electrode active material for alka- 
line storage t>attef les wtKt^ has a high capacity density 
and a high practical value is obtained when the active 35 
material is mainly composed d |V-Ni(OH)2 type nickel 
oxide (including hydroxxJe) and has Mn in the state of 
solid solution or copreoptated state and an average 
valence of Mn of 3.3 valences or more, and preferably 
has an Mn content of 1-12% m atomic ratio based on 40 
the total of metallic efements 

[0040] Furthermore, a pos/tr^e electrode active mate- 
rial for alkaline stocage t>attenes wvhich has a high 
capacity density is obtaned when the active material is 
a p-Ni(OH)2 type nickel ox«le (including hydroxide) con- 45 
taining Mn in the state of soW sduton or coprecipitated 
state and an average valence of Mn of 3.3 valences or 
mofer and preferably has" arTMn content 6f~f-12% m 
atomic ratio based on the total of metallic elements, and 
has a ratio A2/A1 of 1 .25 or less wtiich is a ratio of inte- so 
grated intensity A2 of a peak present at 2 9 =18-21** to 
integrated intensity Al of a peak present at 20 =37-40* 
in X-ray diffraction using CuK«i ray 
[0041] As a positive electrode active material, used is 
a p-Ni(OH)2 type nickel oxide (including hydroxide) con- 55 
taining Mn in the state of solid solution or coprecipitated 
state with an average valerKe of Mn being 3.3 valences 
or more and preferably with a ratio A2/A1 being 1 .25 or 



less which is a ratio of integrated intensity A2 of a peak 
present at 29 =18-21° to integrated intensity Al of a 
peak present at 29 =37-40° of powder X-ray diffraction 
using CuKa ray. 

Claims 

1 . A positive electrode active material for alkaline stor- 
age batteries comprising a p-Ni(OH)2 type nickel 
oxide (including hydroxide) containing Mn in the 
state of solid solution or coprecipitated state, and 
an average valence of Mn is 3.3 valences or more. 

2. A positive electrode active material for alkaline stor- 
age batteries comprising a p-Ni{OH)2 type nickel 
oxkJe (including hydroxide) containing Mn in the 
state of solid solution or coprecipitated state, an 
average valence of Mn is 3.3 valences or more, and 
a ratio A2/A1 of integrated intensity A2 of a peak 
present at 26 =18-21** to integrated intensity Al of a 
peak present at 20 =37-40** of powder X-ray diffrac- 
tion using CuKa ray is 1.25 or less. 

3. A positive electrode active material for alkaline stor- 
age batteries according to claim 1 or 2, wherein the 
amount of Mn contained in the state of solid solu- 
tion or coprecipitated state is 1-12% in atomic ratio 
based on the total of metallic elements. 

4. A positive electrode active material for alkaline stor- 
age batteries according to claim 1 or 2. wherein the 
average valence of Mn contained in the state of 
solid solution or coprecipitated state is 3.5-4.0 
valences. 

5. A positive electrode active material for alkaline stor- 
age batteries according to claim 1 or 2 which com- 
prises particles having a spherical or similar 
sphere. 

6. An alkaline storage battery which comprises a 
nickel positive electrode, a negative electrode, an 
alkaline electrolyte and a separator, wherein an 
active matericil of the nickel positive electrode is a 
material defined in any one of claims 1-5. 
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